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Mobile health (mHealth) technologies have been implemented in many low- and middle-income countries to address challenges
in maternal and child health. Many of these technologies attempt to influence patients’, caretakers’, or health workers’ behavior.The
purpose of this study was to conduct a systematic review of the literature to determine what evidence exists for the effectiveness of
mHealth tools to increase the coverage and use of antenatal care (ANC), postnatal care (PNC), and childhood immunizations
through behavior change in low- and middle-income countries. The full text of 53 articles was reviewed and 10 articles were
identified that met all inclusion criteria. The majority of studies used text or voice message reminders to influence patient behavior
change (80%, 𝑛 = 8) and most were conducted in African countries (80%, 𝑛 = 8). All studies showed at least some evidence
of effectiveness at changing behavior to improve antenatal care attendance, postnatal care attendance, or childhood immunization
rates. However, many of the studies were observational and further rigorous evaluation ofmHealth programs is needed in a broader
variety of settings.

1. Introduction

Despite ongoing efforts to improve maternal and child health
in developing countries, mortality rates remain much higher
than in developed countries. Women in developing regions
face a lifetime risk of maternal death of 1 in 160, as compared
with 1 in 3700 for women living in developed regions [1].
These inequalities are driven by many causes, one of which
is limited access to preventive services. For example, in low-
and middle-income countries, only about 52% of pregnant
women receive the World Health Organization- (WHO-)
recommended minimum of four antenatal visits [2]. The
postnatal period is also critical to the health of a mother
and newborn, as the majority of postnatal maternal deaths
happen during the first week after birth [3]. However, a recent
analysis of Demographic and Health Surveys for 23 African
countries found that, of the two-thirds of women giving birth
at home, only 13% received a postnatal check-up within two

days [3]. Immunization is another critical preventive service
that can save the lives of many infants and children. Despite
being one of the most cost-effective tools for saving lives,
nearly one in five children globally did not receive their full
package of immunizations in 2012 and 1.5 million children
under the age of 5 died from vaccine-preventable diseases
in 2008 [4, 5]. Antenatal care (ANC), postnatal care (PNC),
and childhood immunizationmake up an important package
of preventive services that can improve maternal and child
health. Families tend to use medical services when someone
is ill but frequently omit these beneficial preventive services
that are essential to improve health.

Thefield ofmHealth, ormobile health, has been proposed
as a potential solution to many of the challenges that devel-
oping countries face, including workforce shortages, lack
of health information, limited training for health workers,
and difficulty tracking patients. mHealth projects have been
implemented all over the world, using mobile phones for
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record keeping, data collection, or patient communication
[6]. Further,mHealth tools have been used to promote behav-
ior change in health workers and/or patients. For example,
text message reminders have been shown to increase care-
seeking behavior or medication adherence in some patients
and mobile data collection and communication tools for
health workers have improved follow-up of patients and data
reporting [7–9].

Though there are relatively few thorough evaluations of
mHealth programs [6], some published studies do exist.
Given that mHealth tools have shown some promise for
behavior change more broadly, there is potential for this
field to improve essential preventive maternal and child
health services as well. Based on the existing evidence in
peer-reviewed publications, this literature review aims to
determine the effectiveness of mHealth tools to increase
the coverage and use of antenatal care, postnatal care, and
childhood immunizations through behavior change in low-
and middle-income countries.

2. Materials and Methods

2.1. Information Sources. This literature review was con-
ducted through a keyword search of the following databases
to identify relevant peer-reviewed articles: Google Scholar,
PubMed, Embase, PsycINFO, and EBSCO Host. Keywords
used in these searches included mHealth, mobile health,
mobile phone, reminder, recall, mobile medical records, ante-
natal care, postnatal care, and immunization.

2.2. Inclusion Criteria. In order to be included in the review,
the article had to meet the following inclusion criteria:

(i) study was evaluating an mHealth intervention tar-
geted at increasing antenatal care attendance, postna-
tal care attendance, or childhood immunization rates
through behavior change;

(ii) study was implemented in a low- or middle-income
country;

(iii) study included measurement of process, behavior
change, health, or quality of care outcomes (i.e.,
studies were excluded that only evaluated willingness
of participants to receive an mHealth intervention,
without implementing it);

(iv) study was a peer-reviewed article;
(v) study was available in English;
(vi) study was published between January 1, 2000 and

November 20, 2014.

These criteria were selected to ensure that the included stud-
ies examined outcomes of existing mHealth interventions,
not exploratory studies or protocols that have not been
implemented yet. Low-, middle-, or high-income status for
countries was determined using the World Bank’s 2014 clas-
sification, which is based on estimates of the gross national
income per capita for the previous year [10]. In addition,
the inclusion of only peer-reviewed articles helped to ensure

that higher quality studies were examined. Though there
have been well-designed studies using mHealth for behavior
change to support maternal and child health in high-income
countries, these studies were excluded due to the resource
disparities between high-income countries and others. Issues
with prevalence of mobile phones and consistency of power
and internet access are shared across many low- and middle-
income countries and therefore these studies are more com-
parable than those conducted in high-income countries. No
keywords for “low- ormiddle-income countries”were used in
the searches, as these keywords might have excluded relevant
results if the study was not specifically labeled as such.
Instead, the authors screened manually for this criterion.The
review was limited to studies available in English, though
this is a limitation of this review, and future reviews should
include additional languages, if feasible. Finally, studies only
included those that were published after 2000, as mobile
technologies were not widely available, especially in low- and
middle-income countries, prior to that time.

2.3. Study Selection and Data Collection. The database
searches were undertaken by two researchers (Jessica L.
Watterson and Isheeta Madeka) between November 10, 2014
and January 18, 2015. Subsequent review of results was
undertaken by one researcher (Jessica L. Watterson). The
resulting articles were first screened by title, then by abstract,
and finally by full text to progressively eliminate articles not
meeting the inclusion criteria. Many systematic reviews of
mHealth research were identified in the results (𝑛 = 26),
so the included articles and reference lists of these reviews
were all examined to ensure an exhaustive search. Finally, the
references of all included articles were reviewed as well.

The results of study screening and selection are illustrated
in Figure 1. The database searches identified 1,899 articles
initially. After removing duplicates, 508 records remained.
Each of these records was screened by title and abstract
(if necessary), and 455 records were excluded after this
preliminary review. The full text of the remaining 53 articles
was reviewed to determine if they met the inclusion criteria.
43 of the articles were excluded and the reasons for exclusion
included study being conducted in a high-income country
(𝑛 = 5); not studying antenatal care attendance, postnatal care
attendance, or childhood immunization rates (𝑛 = 7); not
studying an mHealth intervention (𝑛 = 2); or only providing
program descriptions or a protocol but no evaluation data
(𝑛 = 4). The other 25 articles that were excluded were
mHealth literature reviews that did not identify any new
articles for review. One article outlined a protocol for a
study that will be very relevant once complete; however
it was nevertheless excluded because no evaluation data is
published yet [11].

2.4. Quality Assessment. Risk of bias was assessed for all
included randomized controlled trials (RCTs) (𝑛 = 2) using
the Cochrane Risk of Bias Assessment Tool [12]. This tool
was introduced in 2008 by the Cochrane Collaboration and
can be used to assess risk of bias in a study by evaluating
a study’s allocation sequence generation (randomization),
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Figure 1: PRISMA flow diagram [26].

allocation concealment, blinding, incomplete data, selective
reporting, and other potential threats to the study’s validity.
The quality of the observational studies (𝑛 = 8) was assessed
using the Newcastle-Ottawa Quality Assessment Scale [13].
This tool was developed by the universities of Newcastle,
Australia, and Ottawa, Canada, and assessed the quality of
nonrandomized studies by evaluating potential sources of
bias in the selection and comparability of participants, the
assessment of outcomes, and the duration and adequacy of
follow-up. Scores are awarded out of 9 possible points, with
higher scores indicating higher study quality.

2.5. Synthesis of Results. The primary author (Jessica L. Wat-
terson) extracted information from included articles for
tabulation in an Excel spreadsheet.The information extracted
included type of study, summary conclusions, methods used,
intervention studied, health issue(s) studied, outcomes mea-
sured, sample size, intervention frequency, effectiveness of
intervention, study quality, study location, clinical character-
istics/setting, mHealth tools used, and project name (if any).

3. Results

Most articles examined process and behavior change out-
comes and made recommendations for future mHealth pro-
grams and suggested further research. The study characteris-
tics and key outcomes for each included article are outlined
in Table 1.

3.1. Characteristics of Studies. In total, ten articles satisfied the
inclusion criteria. Of these, two studies were RCTs [14, 15] and
the other eight were observational studies [16–23]. Four of
the observational studies attempted to limit sources of bias
(though not as rigorously as the RCTs) by using a historic
control group [16, 17] or nonrandomized control group [19] or
measuring outcomes before and after implementation of the
mHealth intervention [18].The remaining four observational
studies did not use a control group [18–21], and as such the
outcomes of these studies are less reliable.

Seven (70%) of the articles studied antenatal care atten-
dance [14, 15, 17–20, 22]; two (20%) studied postnatal care
attendance [16, 20]; and four (40%) studied childhood immu-
nization rates [18, 20, 21, 23]. Eight (80%) of the studies used
an mHealth intervention that sent reminders to seek care
directly to patients [14–18, 20, 21, 23] and five (50%) sent
educational messages to patients [14, 15, 17, 19, 20]. Three
(30%) studies sent reminders to health workers to follow up
with patients [18, 21, 22] and three (30%) studies used an
mHealth tool to improve patient records or identification [18,
21, 22]. The frequency of these interventions varied widely;
educational messages were sent on schedules ranging from
daily [19] to twice per month [15]. Some studies specified that
appointment reminders were sent a few days in advance of a
scheduled appointment [16, 18, 23] and others did not specify
how far in advance patients or health workers were reminded.

Eight (80%) of the studies were conducted in Africa [14–
16, 19–23] and two (20%) were conducted in Asia [17, 18].
All included studies were published between 2010 and 2014,



4 BioMed Research International

Ta
bl
e
1:
Su
m
m
ar
y
of

in
clu

de
d
ar
tic
le
so

n
m
H
ea
lth

in
te
rv
en
tio

ns
to

in
cr
ea
se

us
eo

fa
nt
en
at
al
ca
re
,p
os
tn
at
al
ca
re
,a
nd

ch
ild

ho
od

im
m
un

iz
at
io
n,

cla
ss
ifi
ed

by
m
et
ho

ds
us
ed
.

Fi
rs
ta
ut
ho

r,
ye
ar

Ti
tle

H
ea
lth

iss
ue
(s
)

stu
di
ed

In
te
rv
en
tio

n
stu

di
ed

an
d

to
ol
su

se
d

In
te
rv
en
tio

n
fre

qu
en
cy

Ke
y
stu

dy
ou

tc
om

es
M
et
ho

ds
us
ed

Sa
m
pl
es

iz
e

St
ud

yl
oc
at
io
n

St
ud

y
qu

al
ity

1

Ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
ls
(R
CT

s)

Fe
dh

a,
20
14

[14
]

“I
m
pa
ct
of

M
ob

ile
Te
le
ph

on
eo

n
M
at
er
na
l

H
ea
lth

Se
rv
ic
eC

ar
e:
A

Ca
se

of
N
jo
ro

D
iv
isi
on
”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

Te
xt

m
es
sa
ge

re
m
in
de
rs

an
d
ed
uc
at
io
na
lm

es
sa
ge
s

fo
rm

ot
he
rd

eli
ve
re
d
to

m
ob

ile
ph

on
e.

N
o
sp
ec
ifi
cm

H
ea
lth

to
ol
s

m
en
tio

ne
d

Ap
po

in
tm

en
t

re
m
in
de
rs
ev
er
y
tw
o

w
ee
ks
.F
re
qu

en
cy

of
ed
uc
at
io
na
lm

es
sa
ge
s

no
ts
pe
ci
fie
d

7.4
%
of

w
om

en
re
ce
iv
in
g
SM

S
ha
d
le
ss

th
an

4
an
te
na
ta
lv
isi
ts
w
hi
le
18
.6
%
of

th
os
en

ot
re
ce
iv
in
g
SM

S
ha
d
le
ss
th
an

4
vi
sit
s(
𝑃
=
0.
00
2)

Cl
in
ic
at
te
nd

an
ce

an
d

an
te
na
ta
ls
er
vi
ce

up
ta
ke

co
m
pa
re
d
fo
r

in
te
rv
en
tio

n
an
d
co
nt
ro
l

gr
ou

ps

In
te
rv
en
tio

n
gr
ou

p:
19
1

C
on

tro
lg
ro
up

:
20
6

To
ta
l:
39
7

H
ea
lth

fa
ci
lit
ie
si
n

Ke
ny
a

RC
T
w
ith

lo
w

ris
k
of

bi
as

Lu
nd

,2
01
4
[1
5]

“M
ob

ile
Ph

on
es

Im
pr
ov
e

A
nt
en
at
al
Ca

re
At
te
nd

an
ce

in
Za

nz
ib
ar
:A

Cl
us
te
rR

an
do

m
iz
ed

C
on

tro
lle
d
Tr
ia
l”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

Te
xt

m
es
sa
ge

re
m
in
de
rs

an
d
ed
uc
at
io
na
lm

es
sa
ge
s

fo
rm

ot
he
rd

eli
ve
re
d
to

m
ob

ile
ph

on
ea

nd
m
ob

ile
vo
uc
he
rs
to

co
nt
ac
th

ea
lth

w
or
ke
rs
.

To
ol
su

se
d:
cu
sto

m
W
ire

d
M
ot
he
rs
so
ftw

ar
e

Tw
o
m
es
sa
ge
sp

er
m
on

th
be
fo
re

ge
sta

tio
na
lw

ee
k
36

an
d
tw
o
m
es
sa
ge
s

pe
rw

ee
k
aft

er
w
ee
k

36

44
%
of

w
om

en
in

th
ei
nt
er
ve
nt
io
n

gr
ou

p
re
ce
iv
ed

th
er

ec
om

m
en
de
d
fo
ur

or
m
or
ea

nt
en
at
al
vi
sit
s,
co
m
pa
re
d
w
ith

31
%
in

th
ec

on
tro

lg
ro
up

.Th
eo

dd
sf
or

re
ce
iv
in
g
fo
ur

or
m
or
ea

nt
en
at
al
ca
re

vi
sit
sw

er
e2

.39
(1
.0
3–
5.
55
)f
or

w
om

en
be
ne
fit
tin

g
fro

m
th
em

ob
ile

ph
on

e
in
te
rv
en
tio

n.
59
%
of

in
te
rv
en
tio

n
w
om

en
sta

te
d
th
at
re
ce
iv
ed

te
xt

m
es
sa
ge
si
nfl

ue
nc
ed

th
en

um
be
ro

f
tim

es
th
ey

at
te
nd

ed
an
te
na
ta
lc
ar
e

Cl
in
ic
at
te
nd

an
ce

w
as

co
m
pa
re
d
fo
rc

lu
ste

r
ra
nd

om
iz
ed

in
te
rv
en
tio

n
an
d
co
nt
ro
lg
ro
up

s

In
te
rv
en
tio

n
gr
ou

p:
13
11

C
on

tro
lg
ro
up

:
12
39

To
ta
l:
25
50

U
rb
an

an
d

ru
ra
l

he
al
th
ca
re

fa
ci
lit
ie
si
n

Za
nz
ib
ar

RC
T
w
ith

lo
w

ris
k
of

bi
as

St
ud

ie
sw

ith
no

nr
an
do

m
iz
ed

co
nt
ro
lg
ro
up

or
be
fo
re
/a
fte

rd
es
ig
n

Ad
an
ik
in
,2
01
4

[1
6]

“R
ol
eo

fR
em

in
de
rb

y
Te
xt

M
es
sa
ge

in
En

ha
nc
in
g

Po
stn

at
al
Cl
in
ic

At
te
nd

an
ce
”

Po
stn

at
al
ca
re

at
te
nd

an
ce

Te
xt

m
es
sa
ge

re
m
in
de
rs

fo
rm

ot
he
rd

eli
ve
re
d
to

m
ob

ile
ph

on
e.

N
o
sp
ec
ifi
cm

H
ea
lth

to
ol
s

m
en
tio

ne
d

Tw
o
m
es
sa
ge
ss
en
t

fo
re

ac
h

ap
po

in
tm

en
t:
tw
o

w
ee
ks

pr
io
ra

nd
5

da
ys

pr
io
r

Pa
tie

nt
sw

ho
re
ce
iv
ed

an
SM

S
re
m
in
de
rw

er
e5

0%
le
ss
lik

ely
to

fa
il
to

at
te
nd

(F
TA

)t
he
ir
po

stn
at
al

ap
po

in
tm

en
t(
re
la
tiv

er
isk

of
FT

A
0.
50
;

95
%
CI

,0
.32

–0
.7
7;
𝑃
=
0.
00
2)

Cl
in
ic
at
te
nd

an
ce

co
m
pa
re
d
fo
r

in
te
rv
en
tio

n
gr
ou

p
an
d

hi
sto

ric
co
nt
ro
lg
ro
up

(fr
om

pr
ev
io
us

6
m
on

th
s)

In
te
rv
en
tio

n
gr
ou

p:
11
26

C
on

tro
lg
ro
up

:
97
1

To
ta
l:
20
97

Te
ac
hi
ng

ho
sp
ita

li
n

N
ig
er
ia

7/
9

Fa
ng

an
d
Li
,2
01
0

[2
7]

fro
m

C
or
pm

an
,2
01
3
[1
7]

“M
ob

ile
H
ea
lth

in
Ch

in
a:

A
Re

vi
ew

of
Re

se
ar
ch

an
d

Pr
og
ra
m
si
n
M
ed
ic
al
Ca

re
,

H
ea
lth

Ed
uc
at
io
n,

an
d

Pu
bl
ic
H
ea
lth

”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

Te
xt

m
es
sa
ge

ap
po

in
tm

en
t

re
m
in
de
rs
an
d
an
te
na
ta
l

he
al
th

ad
vi
ce
.

N
o
sp
ec
ifi
cm

H
ea
lth

to
ol
s

m
en
tio

ne
d

Fo
ur

ap
po

in
tm

en
t

re
m
in
de
rs
pe
r

pr
eg
na
nc
y.

Fr
eq
ue
nc
y
of

he
al
th

ad
vi
ce

no
ts
pe
ci
fie
d

Th
ei
nt
er
ve
nt
io
n
gr
ou

p
re
ce
iv
ed

5.
7
±

1.8
an
te
na
ta
lv
isi
ts,

co
m
pa
re
d
to

3.
2
±

1.1
an
te
na
ta
lv
isi
ts
in

th
ec

on
tro

lg
ro
up

(𝑃
<
0.
01
)

Cl
in
ic
at
te
nd

an
ce

co
m
pa
re
d
fo
r

in
te
rv
en
tio

n
gr
ou

p
an
d

hi
sto

ric
co
nt
ro
lg
ro
up

(fr
om

pr
ev
io
us

ye
ar
).

In
te
rv
en
tio

n
gr
ou

p:
60

9
C
on

tro
lg
ro
up

:
63
7

To
ta
l:
12
46

Ch
in
a

U
na
bl
et
o

de
te
rm

in
ea

s
no

ta
ll
in
fo
.

on
stu

dy
de
sig

n
is

av
ai
la
bl
ei
n

En
gl
ish

Ka
ew

ku
ng

w
al
,

20
10

[1
8]

“A
pp

lic
at
io
n
of

Sm
ar
t

Ph
on

ei
n
“B
et
te
rB

or
de
r

H
ea
lth

ca
re

Pr
og
ra
m
”:
A

M
od

ul
ef
or

M
ot
he
ra

nd
Ch

ild
Ca

re
”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

an
d

ch
ild

ho
od

im
m
un

iz
at
io
n
(E
PI
)

Sm
ar
tp
ho

ne
ap
pl
ic
at
io
n

us
ed

by
he
al
th

w
or
ke
rs
to

up
da
te
an
te
na
ta
la
nd

im
m
un

iz
at
io
n
sta

tu
sw

he
n

ou
tsi
de

cli
ni
ca

nd
SM

S
re
m
in
de
rs
fo
rb

ot
h
he
al
th

w
or
ke
rs
an
d
m
ot
he
rs
.

To
ol
su

se
d:
cu
sto

m
M
ot
he
ra

nd
Ch

ild
Ca

re
M
od

ul
e(
M
CC

M
)

Ap
po

in
tm

en
t

re
m
in
de
rs
af
ew

da
ys

pr
io
rt
o
sc
he
du

le
d

ap
po

in
tm

en
t

58
.6
8%

of
pr
eg
na
nt

w
om

en
ca
m
et
o

A
N
C
on

tim
ea

fte
ri
m
pl
em

en
ta
tio

n
as

co
m
pa
re
d
to

43
.7
9%

be
fo
re

(𝑃
<

0.
00
1)
.A

fte
ra

dj
us
tin

g
fo
rp

er
so
na
l

ch
ar
ac
te
ris

tic
s,
se
nd

in
g
ap
po

in
tm

en
t

m
es
sa
ge

in
cr
ea
se
d
od

ds
of

on
-ti
m
e

vi
sit

by
2.
97

(1
.6
0–

5.
54
).
44

.2
2%

of
ch
ild

re
n
re
ce
iv
ed

sc
he
du

le
d
va
cc
in
es

on
tim

ea
fte
ri
m
pl
em

en
ta
tio

n
as

co
m
pa
re
d
to

34
.4
9%

be
fo
re

(𝑃
<

0.
00
1)
.A

fte
ra

dj
us
tin

g
fo
rp

er
so
na
l

ch
ar
ac
te
ris

tic
s,
fo
llo

w
-u
p
ca
se
sa

nd
up

da
tin

g
im

m
un

iz
at
io
n
da
ta
on

ce
ll

ph
on

es
in
cr
ea
se
d
od

ds
of

on
-ti
m
eE

PI
by

2.
04

(1
.6
6–

2.
52
).
Se
nd

in
g

ap
po

in
tm

en
tr
em

in
de
ri
nc
re
as
ed

od
ds

of
on

-ti
m
eE

PI
by

1.4
8
(1
.0
9–

2.
03
)

Cl
in
ic
at
te
nd

an
ce

fo
r

A
N
C
an
d
EP

Iw
er
e

co
m
pa
re
d
be
fo
re

an
d

aft
er

M
CC

M
im

pl
em

en
ta
tio

n

A
N
C
gr
ou

p:
28
0

EP
Ig

ro
up

:
54
4

Ru
ra
lb
or
de
r

ar
ea

in
Th

ai
la
nd

,
ne
ar

M
ya
nm

ar

8/
9



BioMed Research International 5

Ta
bl
e
1:
C
on

tin
ue
d.

Fi
rs
ta
ut
ho

r,
ye
ar

Ti
tle

H
ea
lth

iss
ue
(s
)

stu
di
ed

In
te
rv
en
tio

n
stu

di
ed

an
d

to
ol
su

se
d

In
te
rv
en
tio

n
fre

qu
en
cy

Ke
y
stu

dy
ou

tc
om

es
M
et
ho

ds
us
ed

Sa
m
pl
es

iz
e

St
ud

yl
oc
at
io
n

St
ud

y
qu

al
ity

1

La
u,
20
14

[19
]

“A
nt
en
at
al
H
ea
lth

Pr
om

ot
io
n
vi
aS

ho
rt

M
es
sa
ge

Se
rv
ic
ea

ta
M
id
w
ife

O
bs
te
tr
ic
sU

ni
t

in
So
ut
h
A
fr
ic
a:
A
M
ix
ed

M
et
ho

ds
St
ud

y”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

Te
xt

m
es
sa
ge
sw

ith
an
te
na
ta
lh

ea
lth

in
fo
rm

at
io
n.

N
o
sp
ec
ifi
cm

H
ea
lth

to
ol
s

m
en
tio

ne
d

Va
rie

d
fro

m
th
re
e

m
es
sa
ge
sp

er
w
ee
k
to

da
ily

m
es
sa
ge
s

92
%
of

pa
rt
ic
ip
an
ts
in

th
ei
nt
er
ve
nt
io
n

gr
ou

p
re
po

rt
ed

no
tm

iss
in
g
m
or
et
ha
n

tw
o
an
te
na
ta
lv
isi
ts.

A
fo
cu
sg

ro
up

of
in
te
rv
en
tio

n
pa
rt
ic
ip
an
ts
re
po

rt
ed

th
at

th
ey

ha
d
im

pr
ov
ed

he
al
th

re
la
te
d

be
ha
vi
or
s,
in
clu

di
ng

at
te
nd

in
g
th
e

cli
ni
cr

eg
ul
ar
ly,

as
ar

es
ul
to

ft
he

te
xt

m
es
sa
ge
s.
N
o
sta

tis
tic

al
ly
sig

ni
fic
an
t

di
ffe
re
nc
ei
n
kn

ow
le
dg
ew

as
se
en

be
tw
ee
n
th
ei
nt
er
ve
nt
io
n
an
d
co
nt
ro
l

gr
ou

ps
at
th
ee

xi
ti
nt
er
vi
ew

Ba
se
lin

eq
ue
sti
on

na
ire

an
d
ex
it
in
te
rv
ie
w
w
er
e

ad
m
in
ist
er
ed

to
co
nv
en
ie
nc
e-
sa
m
pl
ed

in
te
rv
en
tio

n
an
d
co
nt
ro
l

gr
ou

ps
to

as
se
ss

kn
ow

le
dg
eo

fa
nt
en
at
al

he
al
th

an
d
cli
ni
c

pr
oc
ed
ur
es
.A

fo
cu
s

gr
ou

p
w
as

co
nd

uc
te
d

w
ith

af
ur
th
er

co
nv
en
ie
nc
es

am
pl
eo

f
th
ei
nt
er
ve
nt
io
n
gr
ou

p

In
te
rv
en
tio

n
gr
ou

p:
10
2
bu

t4
5

w
er
el
os
tt
o

fo
llo

w
-u
p

C
on

tro
lg
ro
up

:
10
4
bu

t4
3
w
er
e

lo
st
to

fo
llo

w
-u
p

To
ta
l:
20
6

re
cr
ui
te
d,
118

in
clu

de
d
in

an
al
ys
is

U
rb
an

pr
im

ar
y
ca
re

fa
ci
lit
y
in

Ca
pe

To
w
n,

So
ut
h
A
fr
ic
a

4/
9

St
ud

ie
sw

ith
no

co
nt
ro
lg
ro
up

Cr
aw

fo
rd
,2
01
4

[2
0]

“S
M
S
ve
rs
us

Vo
ic
e

M
es
sa
gi
ng

to
D
eli
ve
r

M
N
CH

C
om

m
un

ic
at
io
n

in
Ru

ra
lM

al
aw

i:
A
ss
es
sm

en
to

fD
eli
ve
ry

Su
cc
es
sa

nd
U
se
r

Ex
pe
rie

nc
e”

A
nt
en
at
al
ca
re

at
te
nd

an
ce
,p
os
tn
at
al

ca
re

at
te
nd

an
ce
,a
nd

ch
ild

ho
od

im
m
un

iz
at
io
n

Te
xt

(S
M
S)

or
vo
ic
e

m
es
sa
ge

re
m
in
de
rs
an
d

ed
uc
at
io
na
lm

es
sa
ge
sf
or

m
ot
he
rd

el
iv
er
ed

to
m
ob

ile
ph

on
eo

rr
et
rie

ve
d

by
ca
lli
ng

at
ol
l-f
re
e

ho
tli
ne
.

To
ol
su

se
d:
Vi
lla
ge
-R
ea
ch

cu
sto

m
ap
pl
ic
at
io
n
(S
M
S)

an
d
IN

TE
LL

IV
R
so
ftw

ar
e

(v
oi
ce

m
es
sa
ge
s)

O
nc
e(
vo
ic
e)
or

tw
ic
e

(S
M
S)

pe
rw

ee
k

91
%
of

SM
S
en
ro
lle
es

su
rv
ey
ed

re
po

rt
ed

th
at
th
ey

ha
d
al
re
ad
y
ch
an
ge
d

or
in
te
nd

ed
to

ch
an
ge

th
ei
rb

eh
av
io
r

ba
se
d
on

th
em

es
sa
ge
s,
in
clu

di
ng

at
te
nd

in
g
m
or
eA

N
C/
PN

C
or

br
in
gi
ng

th
ei
rc

hi
ld

fo
rv

ac
ci
ne
s.
SM

S
en
ro
lle
es

w
er
es

ig
ni
fic
an
tly

m
or
el
ik
ely

to
re
po

rt
in
te
nd

ed
or

ac
tu
al
be
ha
vi
or

ch
an
ge

th
an

vo
ic
ee

nr
ol
le
es

Ph
on

eb
as
ed

su
rv
ey
so

f
pa
rt
ic
ip
an
ts.

Pa
rt
ic
ip
an
ts

in
th
ep

us
he
d
SM

S
an
d

pu
sh
ed

vo
ic
eg

ro
up

s
w
er
er

an
do

m
ly
sa
m
pl
ed

bu
tp

ar
tic

ip
an
ts
in

th
e

re
tr
ie
ve
d
vo
ic
eg

ro
up

w
er
ec

on
ve
ni
en
ce

sa
m
pl
ed

Pu
sh
ed

SM
S:
96

Pu
sh
ed

vo
ic
e:
30

Re
tr
ie
ve
d
vo
ic
e:

14
0

To
ta
l:
26
6

Ru
ra
lh

ea
lth

ce
nt
er
si
n

M
al
aw

i
2/
9

M
ba
ba
zi
,2
01
4

[2
1]

“I
nn

ov
at
io
ns

in
C
om

m
un

ic
at
io
n

Te
ch
no

lo
gi
es

fo
rM

ea
sle

s
Su
pp

le
m
en
ta
l

Im
m
un

iz
at
io
n
Ac

tiv
iti
es
:

Le
ss
on

sf
ro
m

Ke
ny
a

M
ea
sle

sV
ac
ci
na
tio

n
Ca

m
pa
ig
n,

N
ov
em

be
r

20
12
”

Ch
ild

ho
od

im
m
un

iz
at
io
n

Sm
ar
tp
ho

ne
ap
pl
ic
at
io
n

us
ed

by
vo
lu
nt
ee
rs
to

up
da
te
im

m
un

iz
at
io
n

re
co
rd
sw

he
n
ca
nv
as
sin

g
do

or
-to

-d
oo

ra
nd

to
pr
ov
id
et
ex
tm

es
sa
ge

an
d

ph
on

ec
al
lr
em

in
de
rs
to

ca
re
ta
ke
rs
.

To
ol
su

se
d:
Ep

iS
ur
ve
yo
r

Va
rie

d/
as

ne
ed
ed

In
pr
ec
am

pa
ig
n
ho

us
e-
to
-h
ou

se
vi
sit
s,

25
%
of

ho
us
eh
ol
ds

ha
d
no

pl
an
st
o

br
in
g
th
ei
rc

hi
ld
re
n
fo
rt
he

m
ea
sle

s
su
pp

le
m
en
ta
ld

os
ei
ft
he
y
ha
d
no

tb
ee
n

co
nt
ac
te
d
by

th
ev

ol
un

te
er
s.
O
ft
he

ch
ild

re
n
fo
un

d
in

th
ep

os
tc
am

pa
ig
n

ho
us
ev

isi
ts,

96
%
re
po

rt
ed

to
ha
ve

re
ce
iv
ed

am
ea
sle

ss
up

pl
em

en
ta
l

im
m
un

iz
at
io
n
do

se
,a
lth

ou
gh

on
ly
92
%

ha
d
co
nfi

rm
at
io
n
(fi
ng
er

m
ar
k)

of
va
cc
in
at
io
n

Pr
ec
am

pa
ig
n
ho

us
eh
ol
d

ca
nv
as
sin

g
an
d
da
ta

co
lle
ct
io
n
fo
re

nt
ire

ta
rg
et
po

pu
la
tio

n,
fo
llo

w
ed

by
po

stc
am

pa
ig
n

ve
rifi

ca
tio

n
of

va
cc
in
e

co
ve
ra
ge

Pr
ec
am

pa
ig
n:

16
4,
64
3

ho
us
eh
ol
ds

w
ith

16
1,6

95
ch
ild

re
n

Po
stc

am
pa
ig
n:

17
,6
27

ho
us
eh
ol
ds

w
ith

17
,9
93

ch
ild

re
n

U
rb
an

ar
ea
s

in
Ke

ny
a

5/
9



6 BioMed Research International

Ta
bl
e
1:
C
on

tin
ue
d.

Fi
rs
ta
ut
ho

r,
ye
ar

Ti
tle

H
ea
lth

iss
ue
(s
)

stu
di
ed

In
te
rv
en
tio

n
stu

di
ed

an
d

to
ol
su

se
d

In
te
rv
en
tio

n
fre

qu
en
cy

Ke
y
stu

dy
ou

tc
om

es
M
et
ho

ds
us
ed

Sa
m
pl
es

iz
e

St
ud

yl
oc
at
io
n

St
ud

y
qu

al
ity

1

N
ga
bo
,2
01
2
[2
2]

“D
es
ig
ni
ng

an
d

Im
pl
em

en
tin

g
an

In
no

va
tiv

eS
M
S-
ba
se
d

A
le
rt
Sy
ste

m
(R
ap
id
SM

S-
M
CH

)t
o

M
on

ito
rP

re
gn

an
cy

an
d

Re
du

ce
M
at
er
na
la
nd

Ch
ild

D
ea
th
si
n
Rw

an
da
”

A
nt
en
at
al
ca
re

at
te
nd

an
ce

El
ec
tro

ni
cr

eg
ist
ra
tio

n
of

pr
eg
na
nt

wo
m
en

th
ro
ug

h
te
xt

m
es
sa
ge
sb

y
co
m
m
un

ity
he
al
th

w
or
ke
rs
(C

H
W
s)
an
d

re
m
in
de
rt
ex
tm

es
sa
ge
sf
or

an
te
na
ta
lc
ar
es

en
tt
o

CH
W
s’
m
ob

ile
ph

on
es
.

To
ol
su

se
d:
cu
sto

m
iz
ed

ve
rs
io
n
of

Ra
pi
dS
M
S

A
sn

ee
de
d
fo
r

up
co
m
in
g
an
te
na
ta
l

vi
sit
sa

nd
es
tim

at
ed

de
liv
er
y
da
te

81
%
of

th
ee

sti
m
at
ed

an
nu

al
pr
eg
na
nc
ie
si
n
th
ed

ist
ric

tw
er
e

re
gi
ste

re
d
in

th
es

ys
te
m
.R

ep
or
tin

g
co
m
pl
ia
nc
ea

m
on

g
CH

W
sw

as
10
0%

.
CH

W
sr
ep
or
te
d
be
in
g
m
or
ep

ro
ac
tiv

e
in

fin
di
ng

ne
w
pr
eg
na
nt

w
om

en
an
d

fo
llo

w
in
g
up

re
gi
ste

re
d
pr
eg
na
nt

w
om

en
as

ar
es
ul
to

fr
em

in
de
rs

fo
rw

ar
de
d
to

th
ei
rm

ob
ile

ph
on

es

Re
po

rt
in
g
co
m
pl
ia
nc
e,

sy
ste

m
us
ag
ep

at
te
rn
s,

an
d
er
ro
rr
at
es

w
er
e

m
on

ito
re
d
an
d
fe
ed
ba
ck

se
ss
io
ns

w
er
eh

eld
w
ith

CH
W
s

CH
W
s:
43
2

Ru
ra
ld

ist
ric

t
of

Rw
an
da

N
/A

,o
nl
y

pr
oc
es
s

ou
tc
om

es
w
er
es

tu
di
ed

W
ak
ad
ha
,2
01
3

[2
3]

“Th
eF

ea
sib

ili
ty
of

U
sin

g
M
ob

ile
-P
ho

ne
Ba

se
d
SM

S
Re

m
in
de
rs
an
d

C
on

di
tio

na
lC

as
h

Tr
an
sfe

rs
to

Im
pr
ov
e

Ti
m
ely

Im
m
un

iz
at
io
n
in

Ru
ra
lK

en
ya
”

Ch
ild

ho
od

im
m
un

iz
at
io
n

Te
xt

m
es
sa
ge

re
m
in
de
rs

fo
rm

ot
he
rd

eli
ve
re
d
to

m
ob

ile
ph

on
ea

nd
fre

e
ai
rt
im

eo
rm

ob
ile

ca
sh

tr
an
sfe

rs
fo
rm

ot
he
rs
th
at

br
ou

gh
tc
hi
ld

in
on

tim
e.

To
ol
su

se
d:
cu
sto

m
iz
ed

ve
rs
io
n
of

Ra
pi
dS
M
S
an
d

m
PE

SA

Th
re
ed

ay
sb

ef
or
e

va
cc
in
ed

ue
da
te
an
d

on
du

ed
at
e

91
%
of

m
ot
he
rs
re
po

rt
ed

th
at
th
eS

M
S

re
m
in
de
rs
in
flu

en
ce
d
th
ei
rd

ec
isi
on

to
co
m
ei
n
fo
rv

ac
ci
na
tio

n

En
ro
lle
d
m
ot
he
rs
w
er
e

ra
nd

om
iz
ed

to
re
ce
iv
e

ei
th
er

m
M
on

ey
or

ai
rt
im

ef
or

on
-ti
m
e

va
cc
in
at
io
ns
.

Q
ue
sti
on

na
ire

sw
er
e

ad
m
in
ist
er
ed

in
ho

m
e

fo
llo

w
-u
p
vi
sit
s

m
M
on

ey
gr
ou

p:
48 A
irt
im

eg
ro
up

:2
4

To
ta
l:
72

Ru
ra
ld

ist
ric

t
of

Ke
ny
a

4/
9

1
Q
ua
lit
y
sc
or
ea

ss
ig
ne
d
us
in
g
th
eC

oc
hr
an
eR

isk
of

Bi
as

A
ss
es
sm

en
tT

oo
l(
fo
rR

CT
s)
or

th
eN

ew
ca
st
le
-O

tta
w
aQ

ua
lit
y
A
ss
es
sm

en
tS

ca
le
(fo

ro
bs
er
va
tio

na
ls
tu
di
es
).
Fo

rR
CT

s,
al
ow

ris
k
of

bi
as

is
th
eb

es
tp

os
sib

le
sc
or
ea

nd
fo
ro

bs
er
va
tio

na
ls
tu
di
es

th
eh

ig
he
st
po

ss
ib
le
sc
or
ei
s9

.P
le
as
es

ee
Se
ct
io
n
2
fo
rm

or
ed

et
ai
ls.



BioMed Research International 7

suggesting that the inclusion criterion of studies published
after 2000 was sufficiently conservative and that it is unlikely
that any relevant articles weremissed from earlier publication
dates. One study is taken from a literature review published in
English onmHealth tools in China [17]; however, the original
study was published in Chinese. Therefore, the information
available on this study is less complete than that provided for
the studies where the primary publication was included.

3.2. Findings by Intervention. All studies showed some evi-
dence that themHealth intervention implemented had a pos-
itive impact on patient or health worker behavior. However,
the quality of the studies varied and some of these outcomes
cannot be conclusively attributed to themHealth intervention
that was implemented from these studies alone.

3.2.1. Antenatal Care Attendance. Two of the seven studies
examining antenatal care attendance were RCTs [14, 15]. Both
studies used text message reminders and education for preg-
nant women and one also provided the women with mobile-
phone vouchers to contact their health worker, if needed
[15]. Both studies found a statistically significant increase of
over 10% in the proportion of women receiving at least four
antenatal care visits between the intervention and control
groups. Another study examined antenatal care attendance
before and after implementation of an mHealth application
for improved patient records and automated appointment
reminders; this study similarly found a statistically significant
improvement in on-time antenatal care attendance following
implementation [18]. A study conducted in China sent text
message reminders for antenatal care and health advice to
an intervention group and found a statistically significant
increase in antenatal care attendance, compared to a historic
control group. The remaining studies examining antenatal
care attendance found some self-reported behavior change
from both patients and health workers [19, 20, 22].

3.2.2. Postnatal Care Attendance. One study examining post-
natal care attendance used a historic control group from
the previous 6 months in the same hospital and found that
the intervention group, receiving text message appointment
reminders, were 50% less likely to fail to attend their appoint-
ment (𝑃 = 0.002) [16]. Another study found that women
self-reported intended or actual behavior change, including
increased attendance to postnatal care, after receiving voice
or SMS messages with education and reminders [20].

3.2.3. Childhood Immunization. A study examining child-
hood immunization found a statistically significant increase
(from 34.5% to 44.2%, 𝑃 < 0.001) in the proportion of
children receiving on-time vaccination after implementa-
tion of a mobile application for improved patient records
and automated text message appointment reminders [18].
Another study found that mothers reported being influenced
by a text message reminder (which were also tied to a
conditional cash transfer, if child was vaccinated on time) to
bring their child for immunization [23]. In one study, after
receiving SMS or voice reminders and education, mothers

self-reported intended or actual behavior change, including
bringing their child for vaccines [20]. Finally, a study using
an mHealth application to improve records and to send
reminders during a mass vaccination campaign found that
92% of children visited at home following the campaign had
received the measles vaccine [21].

3.3. Findings on Cost. Two of the studies included informa-
tion on the cost of their mHealth interventions. Adanikin
et al. reported a total cost of only US$21.12 to send 2252
SMS reminders for postnatal care during the six-month study
in Nigeria [16]. Ngabo et al. cited initial investment cost as
being considerable, largely due to the fact that they provided
all community health workers in Rwanda with a mobile
phone to “boost engagement and motivation of CHWs.”
However, ongoing costs were lowered by Ministry of Health
negotiations with the private sector, reducing SMS costs from
US$0.05 to US$0.005 per message [22].

4. Discussion

Though all included studies showed some evidence that
mHealth tools can be effective in changing patient and health
worker behavior to increase antenatal care attendance, post-
natal care attendance, and childhood immunization rates, the
quality of the evidence varied widely.

The strongest evidence exists for text message reminders
and education delivered to pregnant women’s mobile phones.
The two RCTs that examined this intervention both found
evidence of statistically significant increases in antenatal care
attendance in their intervention groups, relative to their
control groups [14, 15]. There is also some suggestion from
the results that this intervention may also be effective when
applied to the other health issues studied, such as postnatal
care attendance and childhood immunization. Though no
RCTs studied these health issues, two observational studies
of high quality found evidence of effectiveness. Adanikin
et al. found that intervention group receiving text message
reminders for postnatal care were 50% less likely to fail to
attend their appointments than a historic control group from
the previous six months (𝑃 = 0.002) [16]. Kaewkungwal et al.
found that after implementation of a smartphone application
that supported record keeping and generated text message
reminders for health workers and mothers, there was a 15%
increase in women attending ANC on time (𝑃 < 0.001) and
a 10% increase in children receiving on-time immunizations
(𝑃 < 0.001) [18].

Beyond these findings, much of the evidence is based
on self-reported behavior change from health workers and
patients, which is not sufficiently reliable to draw any strong
conclusions on the effectiveness of mHealth interventions
[20, 22, 23]. Some other observational studies demonstrated
good results of their programs, such as 92% confirmed
coverage in a measles vaccine campaign [21]; however, it
is impossible to determine which factors influenced the
campaign’s success and whether it was due to the use
of an mHealth intervention or one of the other program
components. In addition, several studies combined multiple
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mHealth interventions (e.g., text message reminders and
conditional cash transfers via mobile phone [23]), making
it impossible to determine to what degree each intervention
influenced the resulting behavior change.

As a result of these methodological limitations and the
small number of studies meeting the inclusion criteria,
further randomized controlled trials are needed to evaluate
the effectiveness ofmHealth tools for antenatal care, postnatal
care, and childhood immunizations. By employing a mul-
tiarm or factorial design, researchers may be able to better
ascertain which components of mHealth interventions are
most effective.

It is also worth noting that many of the mHealth tools
studied focused on a single period of time on the maternal,
neonatal, and child health (MNCH) continuum. For example,
one study focused only on postnatal care, while five others
focused only on antenatal care. Given the importance of
continued follow-up of families during pregnancy, delivery,
postnatal periods, and early childhood, it would be advisable
for future mHealth interventions to consider expanding their
tools to includemore key events along theMNCHcontinuum
[23]. Finally, the majority of these studies were conducted
in Africa, suggesting that there is a need for future study of
mHealth tools in broader contexts, including Asia and the
Pacific, Central and SouthAmerica, the Caribbean, and other
regions.

This literature review has provided us with the key knowl-
edge that there is some existing evidence of the effectiveness
of text message reminders for antenatal care, postnatal care,
and immunizations and it has also helped to identify that
this is an area where further research is needed. Given the
limited, but largely positive, results of this literature review,
researchers and public health practitioners should continue
to implement mHealth tools for antenatal care attendance,
postnatal care attendance, and childhood immunization.
However, careful evaluation and further research are still
needed to better determine how effective these tools are and
in which settings.

5. Conclusions

Based on a systematic review of the literature, there is
some evidence that mHealth tools may present an opportu-
nity to influence behavior change and ensure that women
and children in low-income countries are accessing pre-
vention services, including antenatal care, postnatal care,
and immunizations. Though mHealth programs have been
implemented in low- and middle-income countries all over
the world [24], there are few peer-reviewed studies and
the majority of evaluations relating to maternal and child
health have been conducted in Africa. Therefore, greater
emphasis needs to be put on the evaluatingmHealth tools and
disseminating results to inform program design and policy
making. In addition, many existing interventions focus on
only one component of maternal and child health preventive
services, rather than on design of an integrated system that
follows women and children through the maternal, neonatal,
and child health continuum [25].The field ofmHealth should

continue to be supported and studied as it shows promise
of improving the lives of women and children in low- and
middle-income countries.
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